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Abstract
Eggplant, originated from India, is the most important crop among solanaceous vegetables of the world.
The improvement work was concentrated in several organizations with the objective to develop high
yielding varieties which are resistant to biotic and abiotic stresses. During recent past, hybrids in
vegetables have become very popular and bringing huge returns to the farmers. At national and state
level, approximately 30 hybrids have been identified and released by SAU’s, ICAR’s and private seed
companies. These hybrids have high yield potential, good adaptability and recommended for commercial
cultivation in different agro-climatic conditions. This paper presents a holistic view of the heterosis
breeding in India in terms of hybrid development and hybrid seed production.
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Introduction
Eggplant, brinjal or aubergine (Solanum melongena L.) is a very important common man’s
vegetable in India. Due to its versatility use in Indian food, brinjal is often described as the
‘
king of vegetables’. The area under its cultivation is 6.80 lakh hectares with a production of
118 lakh tonnes contributing 8.4 per cent of total area and production (NHB, 2010) [36]. Brinjal
was one of the first vegetable crops adopted by farmers as hybrids, which occupied more than
50 per cent area under F1 hybrids in different parts of the country and is a significant source of
income approximately 14 lakh small and marginal farmers.
In recent years, there has been increased preference among Indian farmers for cultivation of
hybrid in vegetable crops. This has resulted in intense R&D activities by the Indian as well as
multinational seed companies (Sidhu, 1998) [56]. Promising eggplant hybrids of public and
private sectors have been enlisted in Table 1. Hybrid vegetables are well known in Japan, the
Netherland, the USA and Canada, where the vegetable seed industry, in general, is well
organized and highly developed, where more than 90 per cent of the total eggplant seed are of
hybrid origin. The productivity of eggplant in India is very low (17.2 t/ha) as compared to 41.2
tonnes in the France, where the F1 hybrid constitute most of the economical cultivars. The
required goals of increasing productivity in the quickest possible time can be achieved only
through heterosis breeding which is feasible in this crop (kakizaki, 1931) [25]. Hence, the
present study was under taken with an objective of studying the extent of heterosis in different
crosses and then utilization in future crop improvement programmes.
Importance of heterosis breeding
Eggplant continues to be a choice of breeders for exploitation of heterosis due to hardy nature
of crop, comparatively large size of flowers and large number of seeds in a single act of
pollination. Highly varied consumer acceptance from region to region also demands for
development of a large number of high yielding F 1 hybrids. Exploitation of hybrid vigor has
become a potential tool for improvement in brinjal (Pal and Singh 1949, Mishra 1961,
Samandam 1962, Dhankar et. al. 1980, Chadha and Sidhu 1982) [39, 32, 50, 21, 14]. In India, several
reports are available on hybrid vigor in brinjal. Pal and Singh (1949) [39] reported that hybrid in
brinjal showed 48.8-56.6 per cent increased yields over the better parent. Mishra (1961) [32]
also observed increased yields in brinjal hybrids. The cost of hybrid seed production is not
high as compared to other vegetables and this can be further reduced by the use of male sterile
lines.
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Breeding objectives
Breeding activities in eggplant have been targeted at the development of high-yielding, early,
better quality and disease resistant varieties. The color of the fruit and size and shape, the
proportion of seeds to pulp, short cooking time and lower solanine levels are important traits in
Assessing quality.
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As brinjal is susceptible to several pests, and diseases such as
wilt, Phomopsis, little leaf and root-knot nematodes and to
insects such as shoot and fruit borer, jassids, epilachna beetle,
etc. the development of pest resistant varieties is a major

challenges. Plants are susceptible to both low and high
temperature; therefore attempts are being made to develop
chilling or frost- tolerant and heat-tolerant varieties (Singh
and Kumar, 2005) [58].

Table 1: Hybrid Varieties: A good numbers of hybrid varieties have been developed and released at national and state level which is given
below
S. No.
1
2
3
4
5
6
7
8
9
10
11
12

Name of the hybrid
Arka Navneet, Arka Anand
Azad Hybrid, Azad Kranti
Brinjal Hybrid (BH-1), Brinjal Hybrid (BH-2), Brinjal Hybrid-2 (GBH-2), Krishna, Phule Harit
Kashi Komal (IVBHL-54), Kashi Sandesh (VRBHR-1)
Narendera Hybrid (Brinjal-1), Narendea Hybrid (Brinjal-6)
Neelima
Pant Brinjal (Hybrid-1)
Pusa Anmol, Pusa Hybrid-5, Pusa Hybrid-6, Pusa Hybrid-9
Swarna Shobha, Swarna Ajay
ABH-1, ABH-2, ARBH-201
Manju
MHB-1, MHB-9, MHB-10 (Kalpataru), MHB-39

Specific breeding objectives in eggplant in Indian context
are
a. Exploitation of heterosis for increasing productivity
b. Incorporation of resistance against insect pests including
fruit and shoot borer
c. Breeding wilt and other disease resistance-host plant
resistance
d. Development of cultivars of better quality and yield
e. Development of locally preferred cultivars which are
distinct in appearance
Review of literature on the exploitation of heterosis for
different characters in eggplant
The term heterosis was coined by Shull in 1914. Heterosis
refers the superiority of F1 in one or more characters over its
parents obtained by crossing two genetically dissimilar
individuals. Generally, the term hybrid vigor is used to denote
heterosis in the dissimilar direction and the heterosis over mid
parent, better parent and standard check (ruling
variety/hybrids) is designated as heterosis, heterobeltiosis and
standard heterosis respectively.
The phenomenon of heterosis or hybrid vigour in plant is well
known today and breeders exploit it for higher production.
The earliest recorded instances of artificial hybridization in
eggplant were evidently those carried out by Bailey and
Munson in the United States in 1889, however none of the
hybrids exhibited heterosis but were intermediate between the
parents (Bailey and Munson, 1892) [6]. The first positive
report of heterosis in the eggplant came from Munson (1892)
[34]
. Subsequently, Halsted (1901) [23] reported that one of his
cross was double the size of the parents and also yielded
more. In the Philippines, Bayla (1918) [8] hybridized some
local varieties and found that the hybrids were more vigorous,
stronger and healthier than the respective parental lines. In
Japan, Nagai and Kida (1926) [35] studied certain quantitative
characteristics in the hybrids and found that heterosis was
manifested in total yield and its traits. Tatesi (1927) [63]
observed higher productivity in certain crosses between
Japanese brinjal varieties. Kakizaki (1928) [26] reported the
occurrence of remarkable hybrid vigour in the crosses with
regard to seed weight, stem diameter and height in brinjal.
Schmidt (1935) [51] in USSR observed that the character of
earliness was dominant and even transgressive in certain
eggplant crosses. Daskaloff (1941) [19] indicated the
possibility of utilization of heterosis in commercial eggplant
production in Germany.

Source
IIHR
CSAUAT
MPKV
IIVR
NDUAT
KAU
GBPUA&T
IARI
HARP
Ankur Seeds
Syngenta
Mahyco

Averjanova (1941) [2] from Bulgaria reported high yields from
hybrid eggplants. Odland and Noll (1948) [37] experimented
with sixteen hybrid types and recorded that in every case the
hybrids out yielded their respective parents besides being
early. Capinpin and Alviar (1949) [13] reported that hybrid
seeds exhibited higher germination percentage, the hybrid
plants were superior to the parental lines in early flowering
and setting of fruit, greater number of fruits per plant, longer
fruit, greater mean of equatorial diameter of the fruits and
greater mean weight of the fruits, Daskalov (1955) [20] from
Bulgaria reported high yields from hybrid eggplants.
In India the first attempt to hybridize eggplant appears to have
been made by Rao in 1934, however, in the cross between
two wide varieties, a high degree of partial sterility due to
abortive pollen was observed. Venkataramani (1946) [66]
reported that hybrid egg plants were taller, spread more,
flowered earlier than the early parent and yielded more than
either parent. In the same year, Pal and Singh (1946) [38]
reported that majority of the hybrids exhibited heterosis with
respect to seed germination, plant height, plant spread,
number of branches, early flowering, number of fruits per
plant, fruit size and fruit yield.
Singh and Kumar (1988) [57] observed the highest heterosis
over better parent (162.5%) for fruit yield. Saha et al (1991)
[49]
reported that maximum heterobeltiosis for plant height and
number of branches per plant was 26.4 and 48.45 per cent
respectively. Hybrids of Pant Rituraj x Pusa Purple Long,
Pant Rituraj x 7-3 and Pant Rituraj x Pusa Purple Cluster were
considered the best performers by Chadha et al (1990) [15]. In
general, the hybrids performed better than the parents with
regard to vigour, vegetative growth and fruit yield also
reported by Singh and Gopalakrishnan (2000) [50]. Das and
Barua (2001) [17] also observed the majority of the crosses
showed highly significant heterosis for yield and most of the
yield attributing characters, similar observation were reported
by Kaur et al (2001) [28, 29]. Chadha et al (2001) [16] reported
the heterosis over the better parent ranged from 11.63 to 37.21
per cent for days to 50 per cent flowering, -25 to 8.33 per cent
for branches per plant, -46.49 to 10.73 per cent for fruit
length, -65.31 to 1.02 per cent for fruit diameter, and -42.30 to
70.34 per cent for marketable fruit yield per plant. Similarly,
Patil et al (2001) [42] observed heterotic effects in the range of
-80.13 to 121.94 per cent over mid-parent and better parent
(BP) and showed merits for commercial exploitation due to
fruit weight (150.27 g), length of fruit (13.22 cm), seed per
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cent (9.57%) and placenta per cent (90.43%) along with yield
of fruits (3.19 kg/plant).
According to Babu and Thirumurugan (2001) [3] observed a
negatively significant heterosis over its better parent and
showed the highest percentage heterosis for plant height,
number of branches per plant, fruit length, number of fruits
per plant, fruit weight and fruit yield per plant. On the other
hand, Kaur et al (2001a) [28] reported that the degree of
heterosis and heterobeltiosis in relation to total soluble sugar
(TSS), phenols and glycoalkaloids, and fruit dry matter.
Ashwani and Khandelwal (2003) [1] suggested that significant
positive heterosis over better and mid-parents for fruit yield
per plant and other attributes. The better and mid-parent
heterosis ranged from 21.06 to 166.03 per cent and from
23.33 to 197.81 per cent, respectively. According to Mohanty
and Prusti (2003) [33] Ravaiya emerged as the highest yielder,
with a yield potential of 27.98 t/ha and a standard heterosis of
61.55 per cent. Bavage et al (2005) [7] observed the extent of
heterosis over commercial control for plant height, days to 50
per cent flowering, percent fruit set, fruit length:diameter
ratio, number of early fruits per plant and total yield per plant
these findings are also supported by Panda et al (2005) [40].
The results of heterobeltiosis (-56.76 to 93.32%), useful
heterosis (-18.85 to 190.77%) and standard heterosis (-39.98
to 118.64%) for fruit yield per plant over environment were
also presented by Baig et al (2005) [4]. Better performance for
fruit number per plant with lesser fruit borer resistance
performed by Prabhu et al (2005) [43].
An analysis of hybrid vigour over better parent for fruit yield,
yield components, quality and physiological characters
revealed maximum expression of heterosis for total soluble
sugars followed by total phenols, leaf area per plant and fruit
yield per plant were proved by Suneetha and Kathiria (2006)
[61, 62]
. Similar results were obtained by Suneetha et al (2006)
[61, 62]
based on high yielding, relatively late and tall with
greater plant spread and leaf area per plant, compared to their
parents. The expression of heterosis was maximum over
better parent for total soluble sugars, and for leaf area per
plant over the control. Heterobeltiosis and standard heterosis
more that 20 per cent were also recorded for the number of
days to first picking, 100-seed weight and fruit yield per plant.
Quamruzzaman et al (2006) [45] the estimates of better parent
heterosis ranged from 3 to 90 per cent and the mid-parent
heterosis ranged from 30 to 105 per cent. Kamalakkannan, et
al (2007) [27] used the hybridization b/w the crosses White
Brinjal x Annamalai, EP 378 x PLR 1 and Kunnam x
Annamalai exhibited superior per se performance for fruit
yield per plant and shoot and fruit borer (Leucinodes
orbonalis) tolerance, with high standard heterosis for fruit
yield per plant. Standard heterosis up 222.77 per cent was
recorded by the cross White Brinjal x Annamalai for fruit
yield per plant. Joshi et al. (2008) [24] observed best heterotic
combinations over standard control for days to 50 per cent
flowering, plant height, fruit length and diameter and showed
highest economic heterosis for most yield attributing
characters. Timmapur et al (2008) [64] suggested the
possibility of the high heterosis, heterobeltiosis and standard
heterosis for fruit length, fruit diameter, number of fruits per
plant and marketable yield per plant.
Bhakta et al. (2009) [9] reported significant positive heterosis
for fruit yield per plant. The heterobeltiosis and economic
heterosis ranged from -37.35 to 26.86 per cent and -36.63 to
54.21 per cent, respectively. Bisht et al. (2009) [11] reaveled
significant and positive hererosis over better parents and midparent in all the characters except for days to first flowering

and days to first harvesting the negative heterosis is
considered. According to Das et al. (2009) [18] most of the
hybrids exhibited positive relative heterosis and
heterobeltiosis for most of the characters. Fruit yield and its
component traits based on per se performance and standard
heterosis, three hybrids viz. White brinjal x Annamalai, white
brinjal x PLR 1, Kunnam x Annamalai were found to be
promising for heterosis breeding was confirmed by
Shanmugapriya et al (2009) [53]. The results of high
magnitude of heterosis (115.84%) for fruit yield per plant
over better parent were presented by Sao and Mehta (2010).
Dharwad et al (2011) [22] summarized the efforts to improve
heterosis for yield and yield componants viz., number of
branches per plant, fruit weight and number of fruits per plant.
For fruit yield per plant significant standard heterosis over its
parents also reported by Kumar et al. (2012) [59]. In the similar
year by Ram and Singh observed the maximum positive
heterosis (69.23%) over economic parent (Type-3). Singh et
al. (2012) [59] reported significant heterosis over the better
parent in HE-12 x Aruna for first fruit set, BR-112 x Aruna
for fruit length and diameter, Pant Samrat x Punjab Neelam
for number of fruits per plant, H-7 x Aruna for fruit weight
and H-9 x S-16 for total yield per plant.
Bhushan and singh (2013) [10] obtained best heterotic
combinations over standard check for days to 50 per cent
flowering, plant height, fruit length and fruit diameter. Ten
parents and their 60 hybrids were evaluated for yield and
yield attributing characters. The results indicated that highest
standard heterosis was obrerved (46.86%) for total fruit yield
per plant (Biswas et al., 2013) [12].
Makani et al. (2013) [31] observed the appreciable heterosis
over mid, better and standard parent for all the traits. Patel et
al. (2013) [31] in a study recorded positive and significant
heterosis for yield per plant over better parents (five crosses)
and mid-parent (six crosses). The earliness, days to 50 per
cent flowering with negative values of heterosis was
considered to be better and desirable. With respect to yield
and shoot borer infestation, the crosses EP-65 x Pusa Uttam
and EP-5 x APAU Bagmathi exhibited maximum heterosis
over best parent and highest negative heterobeltiosis
respectively. The hybrid EP-65 x Pusa Uttam (-18.40%)
showed highest significant and negative best parent heterosis
for fruit borer infestation. Hence, this hybrid can be suggested
for commercial cultivation (Praneetha et al., 2013) [44].
Conducted a study to find out the significant and standard
heterosis for fruit yield in desirable direction by Shafeeq et al.
(2013) [52].
Reddy and Patel (2014) [48] observed high heterosis response
in most of the hybrids which supports the role of non-additive
gene effects. The maximum heterosis for fruit yield per plant
was observed 103.59 per cent and 245.26 per cent for number
of fruits per cluster. Shinde et al. (2014) [54] measured the
significant variation among the hybrids for all traits and
recorded high levels of heterosis for days to 50 per cent
flowering, plant height, number of primary branches, fruit
length, average fruit weight, fruit diameter and yield per
hectare. According to Venkata et al. (2014) [65] reported high
heterosis response in most of the hybrids which supports the
role of non-additive gene effects. The heterobeltiosis for
Cercospora leaf spot field resistance significantly high in the
hybrid, KS-7570 x KS-8822 (-66.41%). Indirect selection for
traits such as, fruits per plant, fruit length, fruit diameter,
branches per plant and disease resistance could be done in
order to achieve higher yield through heterosis breeding in
eggplant.
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